Pyrenebutyric acid (120 mg, 0.416 mmol), N-hydroxyl succimide (53 mg, 0.458 mmol) and triethylamine (150 μL, 1.05 mmol) were dissolved in dichloromethane (20 mL).
3'-Amino derivatized aptamer 17E (sequence: 5'-GACATCTCTTCTCCGAGCCGGTCGAAA TAGTGAGTTTTTT-3', 16.8 nmol) was first dissolved in autoclaved ddH2O (300 μL) and 8% cetyl trimethylammonium bromide (CTAB, 5 μL) was added to the solution to precipitate the oligonucleotide.
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The mixture was subject to centrifuge at 13k rpm for 10 min. Another 3 μL of the CTAB solution was added to further precipitate the oligonucleotide (generally the solution did not turn cloudy this time). The mixture was again centrifuged at 13k rpm for 10 min. The supernatant was removed, and the pellet was washed with autoclaved ddH2O (1 mL) three times, dissolved in anhydrous ethanol (600 μL) and dried in a Speed Vac for 1.5 hr. Then the oligonucleotide pellet was added with the pale red pyrene-NHS (10 mg, 0.0259 mmol) in 60 μL DMSO and the mixture was stored at room temperature for 20 hr until 1% lithium perchlorate in acetone (1 mL) was added to the reaction to result in white precipitation. The mixture was spun at 13k rpm for 10 min and the supernatant was removed. The pellet was washed with 1% lithium perchlorate in acetone (1 mL) twice and anhydrous ethanol (1 mL) three times. Then the pellet was dried in the air for a while before 300 μL autoclaved ddH2O was added to make a stock solution of around 50 μM.
Additional measurements of standard solution
We detected 2+ concentration of standard solution with four devices and data are shown in Figure S2 . 
